2 Background Surgical site infection (SSI) is a common cause of postoperative morbidity. Perioperative hypothermia may contribute to surgical complications including increased risk of SSI. In this systematic review and meta-analysis the effectiveness of active and passive perioperative warming interventions to prevent SSI was compared with standard (non-warming) care. Methods Ovid MEDLINE; Ovid EMBASE; EBSCO CINAHL Plus; The Cochrane Wounds Specialised Register; The Cochrane Central Register of Controlled Trials were searched with no restrictions on language, publication date or study setting for randomised controlled trials (RCTs) and cluster RCTs; including adult patients undergoing elective or emergency surgery under general anaesthesia, receiving any active or passive warming intervention perioperatively. Two review authors independently performed study selection, risk of bias assessment and data extraction. Outcomes studied were SSI (primary outcome), inpatient mortality, hospital length of stay and pain (secondary outcomes).
Introduction
Humans have evolved to be homeothermic; their physiological processes generally work optimally at 37C, although it is recognised some people may be slightly above or below this, maintained through a balance of heat production and heat loss, control of which is commonly lost during anaesthesia and exposure during operative procedures. Heat supports processes conducive to optimal healing, with reduction of infection through improvement of blood flow and oxygenation. Loss of perioperative homeostasis, related to hypothermia, leads to coagulopathy, immunosuppression and reduced resistance to infection, reduced basal metabolic rate and oxygen consumption leading to tissue hypoxia and ischaemia. 1, 2 Clinical perioperative hypothermia (core temperature <36C) is common and related to several clinical complications: bleeding and greater need for blood transfusion, cardiac dysrhythmias, myocardial ischaemia and infarction, and risk of pressure injury; accompanied by an increased need for intensive care and overall hospital stay and hospital costs. 3, 4 Systemic and local normothermia can be maintained through available technologies; the most successful have been those using forced-air warming or conductive polymer mattresses/overblankets. 1, [8] [9] [10] These interventions, and their effectiveness to avoid inadvertent perioperative hypothermia, have been the basis of a National Institute for Health and Care Excellence (NICE) guideline, but this did not specifically review the primary outcome of surgical site infection (SSI). 11 Patients who are hypothermic during the operative period are more likely to develop SSIs 2,12-13 , but relatively few randomised clinical trials (RCTs) have been undertaken in this field. This systematic review and meta-analysis aimed to examined the value of local and systemic warming for the prevention of SSI, reduction in length of hospital stay, and mortality; based on current evidence presented in RCTs. Systematic Reviews and Meta-Analyses (PRISMA) flow chart to summarise the selection of studies was completed ( Figure 1 ). 14 Any authors involved in this systematic review who had authored any of the included studies did not review or extract data from them, to avoid any conflicts of interest.
Methods

Search strategy and selection criteria
Data analysis
Information was extracted on: • outcome data by group, relating to both primary and secondary outcomes (using outcomes as defined above);
• funding-related information.
Risk ratios (RRs) with associated 95% confidence intervals (CIs) were calculated for dichotomous outcomes using the Mantel-Haeszel method. Unstandardized weighted mean differences (WMDs) between groups with associated 95% CIs for continuous outcomes, using the inverse variance method.
If two or more interventions were compared with control and were eligible for the same metaanalysis, the intervention arms were pooled and compared with controls. Where a trial did not specify participant group numbers prior to dropout, only complete case data were presented.
Fixed effects models were conducted for the analysis of SSI and mortality, for which limited clinical heterogeneity between studies (e.g. characteristics of participants, interventions or outcomes studied) was recorded. Random-effects models were conducted for the analysis of the length of stay outcome. Insufficient data was obtained for a meta-analysis of the pain outcome.
Statistical heterogeneity was assessed using a standard χ 2 test and the I 2 statistic. 16 An I 2 estimate of around 75% accompanied by a significant result from the χ 2 statistic was interpreted as evidence of substantial levels of statistical heterogeneity. 17 Forest plots were used to present outcome measures and associated 95% CIs. Any adverse events were planned to be recorded and presented narratively. Funnel plots were planned subject to a suitable number of studies being identified but were not constructed due to a lack of suitable number of studies for any of the outcomes.
Results
Main results are presented in Summary of Findings (table 1) , providing key information concerning quality of evidence, the magnitude of the effect of the interventions examined and the sum of the available data on the main outcomes. The primary outcome of SSI and secondary outcomes of mortality and length of stay were included in the table as these were common to all papers included for analysis. Evidence related to all outcomes was graded using the GRADE approach. 18 All analysis was conducted using Stata I/C 14 statistical software. Limited number of participants including this outcome found for analysis, also limited number of outcome events. 3 Very serious imprecision due to small study sizes and small number of events and 95% CI including no effect
Study Selection
The search yielded 634 records. Four were included in the review. Full-text copies of 21 papers were assessed for eligibility; 17 were excluded. Results of the search and selection of studies are summarised in the PRISMA flow diagram (Figure 1 ).
Figure 1: PRISMA Flowchart
Identification
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Study Characteristics
The four included studies (768 patient participants) were single blinded, parallel RCTs, published in English. They compared no warming with active warming using a forced air warming device 19, 20 , a heated underbody mattress 21 , or a radiant heat surgical dressing. 20, 22 In one study 21 recruited and analysed 103 patients.
The corresponding risk (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). All studies have between 1-3 unclear "risk of bias" domains. An overall summary of the risk of bias is illustrated in Figure 2 ; a graphical breakdown of bias for each trial is illustrated in Figure 3 . All included studies were randomised using computer generation 19, [20] [21] or a random number table. 22 All reported using sequentially numbered opaque sealed envelopes for allocation concealment. Three studies 19, [20] [21] reported adequate blinding of participants and personnel; the risk was unclear in one study 22 . Risk of detection bias was judged as unclear for three studies 19, [21] [22] as they did not report on the blinding of the individual assessing whether infection was present. One study 20 reported blinding of the outcomes assessment.
Risk of attrition bias was assessed as low in all studies, and included complete reported outcome data.
It was not possible to check reporting of complete outcomes in study protocols or be certain that studies included no selective or other sources of bias. The data is summarised in a forest plot in Figure 4 . These plots provide an illustration of the individual effects, and associated 95% confidence intervals, recorded in each include study; plus the synthesised estimate, plus its associated 95% confidence interval, represented by a diamond on the plot. The effect of warming is assessed in terms of risk ratios for binary outcomes and in terms of mean differences for continuous outcomes; with the point of no effect marked in all cases to facilitate interpretation of the significance of the synthesised estimate.
Figure 4: Forest plot for SSI outcome
Secondary outcomes: Length of hospital stay
Two studies 19, 21 reported days of hospitalisation as an outcome. Kurz 19 reported an effect in favour of the warming intervention group (i.e. shorter periods of hospitalisation) with the group being hospitalised for 2.60 days less than the no warming group (95% CI (105, 415); p=0001). Wong 21 reported an effect in favour of the no-warming group with this group hospitalised for 200 days less than the warming intervention group (95% CI (-364, 764); p=0217). A  2 test of homogeneity found
Overall (I-squared = 0.0%, p = 0.850)
Wong 2007
Melling 2006 no evidence for heterogeneity (p=0123). The I 2 statistic was 579%, indicating moderate variation across studies due to heterogeneity. The synthesised estimate of the difference using the inverse variance method for a random effects model was 113 days less in the warming intervention groups.
This effect was not statistically significant at the 5% level (95% CI (-307, 533). A test of overall effect indicated no evidence for a greater duration of hospital stay in the no-warming groups (Z=053; p=0600). The data is summarised in Figure 5 . Two studies 19, 21 reported mortality as an outcome. In both cases the effect was in favour of the warming intervention groups. Kurz 14 was 077 (95% CI (017, 343); low quality evidence). A test of overall effect indicated no evidence for a greater risk of mortality in the either group (Z=034; p=073). The data is summarised in Figure 6 .
Figure 6: Forest plot for mortality outcome
Secondary outcomes: Pain
Pain was the only patient-reported outcome assessed in two of the included studies. 19, 22 Kurz 19 reported however, that pain scores were virtually identical in control and intervention groups but did not report numerical values. Melling 22 reported pain scores graphically but also did not report precise numerical values. Pain was assessed hourly after surgery and daily over the first seven days. There was no statistically significant difference at any point in time (except 2 hours after surgery in favour of no warming) (p=0014). No meta-analysis was conducted on this outcome.
Discussion
This review included four studies with 768 participants comparing active warming against a control, finding that active warming reduces SSI. No statistically significant reduction in length of stay or Overall (I-squared = 0.0%, p = 0.779) Only 4 studies were identified for the outcome of SSI, and two studies were identified for both secondary outcomes. Hence, sub-group analyses could not be conducted. Additionally, levels of detection and reporting bias were uncertain in some included studies. Low numbers of included studies precluded construction of funnel plots to assess publication bias.
Maintenance of perioperative normothermia is part of many guidelines and surgical check lists. 11, 27 The results of this systematic review and meta-analysis reinforce that warming should be part of all perioperative care bundles. With monitored compliance it would be expected that the SSI rate would fall but prospective research is needed to confirm this. 
